Japanese cedar bark was pyrolyzed at 473-1273 K under atmospheric pressure in a flow of nitrogen. Morphology, adsorption properties, and surface properties of the products were examined to characterize the pyrolyzed cedar bark. Although elongated tubular cells and fibrous materials in the bark shrank during the heat treatment, features of fibrous cedar bark were macroscopically preserved in the samples pyrolyzed even at higher temperatures without significant decay of the morphology. The development of microporosity was observed for the samples pyrolyzed at 773 K and higher temperatures; SBET (specific surface area) 80-448 m2g-1, V, (pore volume) 0.07-0.21 mLg-1, and Dp, (mean pore diameter) 0.46-0.77 nm. as-plot indicated that surface properties of cedar bark pyrolyzed at 1073-1273 K were similar to those of carbon black, whereas those of samples pyrolyzed at 873 K and lower temperatures were different from them. Diffuse reflectance FT-IR spectra showed that functional groups such as substituted aromatic rings and ether groups were present on the surface of the samples pyrolyzed below 873 K, which would have effects on the surface properties of the resultant material
Introduction
It has been known that large amounts of cedar bark residues are produced by the forest industry. A certain amounts of this biomass are used as raw materials in particle board processing or paper production, and also consumed to generate energy as fuels, while the rest are mostly discharged in landfills. of widths between 2 nm and 50 nm, was also evolved for the sample carbonized at 1273 K, since the slope of linear section of the isotherm (0.2 < P/P0 < 0.75) for this sample was steeper than those for treated at lower temperatures.
Textural properties: Surface area and pore volume of pyrolyzed samples are listed in Table 1 In comparison with the results of the previous study,3) SBET and V, in this study were small, especially for the samples prepared at Specific surface area and the pore volume of the sample pyrolyzed at 973 K were 448 M2g-1 and 0.198 mLg-1, respectively. These values were smaller than those of conventional commercial activated carbons and activated carbon fibers, i.e., 700-2500 M2g-1 and 0.3-0.8 mLg-1, respectively. Low surface area and small pore volume may be responsible for the preparation procedure applied. In the present study, the samples were not subjected to "activation" , but to thermal decomposition. It is well known that "activation" generally produces porous solids with a high surface area through partial gasification with steam, CO2, or combustion gases at high temperatures, whereas thermal decomposition leads to the formation of carbonaceous precursor for activated carbons with low surface area and small pore volume. Since the deviations were observed in the region below as= 0.5 in the present study, they were termed as the "filling swing" (FS)12) which should be associated with the "primary micropore filling" (PMF) proposed by Gregg and Sing.13) It was reported that the FS or the PMF suggests empirically the presence of micropores whose diameters are less than 0.1 nm.12) This agrees well with the pore size distribution evaluated by MP method. The upward deviations were ceased and a s-plots lay on the straight lines through the origin for the samples treated at 1073 and 1273 K, as the values of as approached to ca. 0.6. This means that surface properties of cedar bark pyrolyzed at these temperatures are similar to those of standard specimen, i.e., carbon black used in the present study. On the contrary, a s-plots for the samples pyrolyzed at 973 and 873 K lay on the straight lines which did not go through the origin, indicating dissimilarity in surface property between these samples and carbon black. These results suggest that functional groups of the cedar bark still partially remain, influencing the surface properties of the samples pyrolyzed below 973 K. DRIFTS: FT-IR technique was used to provide the detailed information on the functional groups of pyrolyzed cedar bark. Diffuse reflectance infrared Fourier transform spectra (DRIFTS) of cedar bark and pyrolyzed ones at various temperatures are shown in Figure 5 . These spectra were obtained as difference spectra with reference to that of carbon black. The assignment of a specific wavenumber to a given functional group may not be possible because of the overlapping and the shift of the characteristic bands of various functional groups, depending upon molecular structures and environment. However, a consensus in the assignment of frequencies to various functional groups is possible to a certain extent. The band assignment adopted in this work are summarized in Table 2 , which are mainly based upon the literatures.14-24)
When the spectra for the products pyrolyzed at 673 and 873 K were compared to that for the original cedar bark, it was deduced that the heat treatment of the cedar bark at these temperatures In the spectrum for the sample pyrolyzed at 1073 K, any characteristic bands were hardly visible, meaning that surface functional groups of this sample was quite similar to that of the reference specimen, i.e. carbon black. This is consistent with the results derived from as-analysis.
pH of pyrolyzed cedar bark suspended water: pH of water suspended with pyrolyzed cedar bark is listed in 
Conclusions
Japanese cedar bark was pyrolyzed at 473-1273 K under atmospheric pressure in a flow of nitrogen. Morphology, adsorption properties, and functional groups of the samples were examined to characterize the pyrolyzed cedar bark. Although elongated tubular cells and fibrous materials in the bark shrank during the heat treatment, the features of fibrous cedar bark were preserved essentially without significant decay of the macroscopic morphology of the samples pyrolyzed at higher temperatures. The development of microporosity was observed for the samples pyrolyzed at 773 K and higher temperatures; SBET (specific surface area) 80-448 m2g-1, Vp (pore volume) 0.07-0.21 mLg-1, and Dp (mean pore diameter) 0.46-0.77 nm. Surface properties of cedar bark pyrolyzed at 1073-1273 K were similar to those of carbon black, whereas those of samples pyrolyzed at 873 K and lower temperatures were different from those of carbon black. Functional groups such as substituted aromatic rings and ether linkages were present on the surface of the samples pyrolyzed below 973 K, which might be responsible for the surface properties of the pyrolyzed cedar bark.
